tritional composition. In traditional medicine, celery has been used to treat asthma, bronchitis, spleen, and liver diseases (Singh & Handa 1995) . Recently, there has been a growing interest in the plant for its healthbeneficial activities, such as antioxidant activities (Ninfali & Bacchiocca 2003) , anti-inflammatory activity (Ovodova et al. 2009 ), anticancer activities (Sultana et al. 2005) , anti-hyperlipidaemic effect (Tsi & Tan 2000; Iyer & Patil 2011) , and so on. Numerous studies have confirmed that flavonoids consist of a common basic structure comprising two aromatic rings linked by three carbons that form an oxygenated heterocyclic compound, and phenol compounds are the main antioxidant substance which can promote the human health through reducing oxidative damage (Wang & Stoner 2008; Mousavinejad et al. 2009 ). Thus, several reports have been published on investigating the composition of flavonoids and phenolic compounds and antioxidant capacities of Apium graveolens L. (Yildiz et al. 2008; Yao et al. 2010) . Especially, Zhang and coworkers optimised the appropriate MAE conditions for TF by RSM and found that the yield of TF from celery was enhanced to 2.443 mg/g at optimum extraction conditions of 520 W microwave power, 32 ml/g solid-liquid ratio and 80% ethanol concentration (Zhang et al. 2010) .
However, to the best of our knowledge, few previous studies have been performed using MAE technology for flavonoid and phenolic extraction from celery leaves until now. Therefore, the purpose of this study was to optimise the best combinations of three MAE process parameters for the extraction of TF and TP from celery leaves on the application of the RSM.
MAtERiAL And MEthOdS
Material. Fresh Jinnan celery was bought from the Hong Qi market (Tianjin, China). The leaves were collected, washed, and shade-dried at room temperature. A relatively homogenous powder was obtained by grinding with a blade mill and sieved through the 60-mesh sifter. The powder was kept at 4°C until use.
Reagents. Rutin and 1-diphenyl-2-picrylhydrazyl (DPPH) were purchased from the Sigma Chemical Co. (Shanghai, China). Gallic acid (GA), and FolinCiocalteu phenol reagent were purchased from the Sinopharm Chemical Reagent Co. (Shanghai, China). The other reagents used were of analytical grade.
MAE extraction procedure. The process of MAE of celery leaves was performed in a domestic microwave extraction apparatus (CW-2000; Shanghai XTrust Instruments Company, Shanghai, China) equipped with a 250 ml quartz vessel and a cool water circulation system. Precisely 2.0 g of dried sample was placed in a round bottom flask with different volumes of extraction solvent according to the BBD. After the extraction procedure, the leaf extracts were filtered through Whatman filter paper. The filtrate was transferred into a volumetric flask and diluted to 100 ml for a quantitative analysis.
RSM optimisation procedure. Response surface methodology was employed to optimise extraction parameters of the MAE process (Cheng et al. 2014) . The optimisation was performed according to the BBD with 3 variables at 3 levels on the yields of TF, TP, and antioxidant activity (AC) by the DESIGN EXPERT software (Trial Version 8.0.6). Based on our previous single-factor experiments, microwave power (MP), solid-solvent ratio (SSR), and ethanol concentration (EC) were chosen as independent variables with ranges of 300-500 W, 10-30 ml/g, and 50-80%, respectively. Data from the BBD were analysed by multiple regressions to fit the quadratic model. The second-order model equation for each response was as follows:
where: Y -predicted response; β 0 -intercept; β i , β ii , β ijregression coefficients of linear, quadratic, and interactive effects, respectively; X i , X j -independent coded variables that affect the responses Table 1 shows the coded levels of the independent variables and the parallel parameter values. Analyses of variance (ANOVA) were used to determine the statistical significance of the model (P < 0.05). The adequacy of the models was predicted by evaluating the coefficient of determination (R 2 ) and the lack of fit. In addition, three-dimensional (3D) response surface generated by keeping one response variable at its optimal level and plotting this against two independent variables was used in order to decide the relationship between the response and independent variables. Determination of TF. The determination of TF in the plant extracts was carried out according to Shao et al. (2012) . Briefly, 6.0 ml of the extract solution was added separately 1 ml 5 wt% NaNO 2 , 1 ml 10 wt% Al(NO 3 ) 3 , 10 ml 5 wt% KOH. After mixing, the absorbance of the sample was measured at 500 nm with an ultraviolet spectrophotometer (UV-5200; Shanghai Metash Instruments Co., China). Rutin standards were employed to prepare the calibration curve:
where: y -absorbance at 500 nm; x -concentration of flavonoids (mg/ml) TF yield of the samples was calculated using the calibration standard and expressed as rutin equivalents per 100 grams of dry weight (g RUE/100 g DW).
Determination of TP. TP contents of the extracts were determined by the Folin-Ciocalteu reagent (McDonald et al. 2001) . Briefly, 2 ml of the sample were mixed with 4.0 ml of 2% Na 2 CO 3 . After incubation at room temperature for 2 min, 5 ml of 10% FolinCiocalteu phenol reagent (diluted with distilled water) were added. The reaction mixture was mixed thoroughly and allowed to stand for 15 min in the dark at room temperature. Absorbances of the samples were measured at 765 nm using the spectrophotometer (7200; Unico, Shanghai, China). Measurements were based on the calibration curve with gallic acid:
where: y -absorbance at 765 nm; x -concentration of total phenols (µg/ml) TP yields were calculated and expressed as gallic acid equivalents per 100 g of dry weight (g GAE/100 g DW).
Determination of antioxidant activity. The AC of the extracts was measured by a DPPH inhibition assay according to the method described by de Ancos et al. (2002) . Briefly, 10 ml of the sample was mixed with 3.99 ml of 70% ethanol of DPPH (25 mM). The reaction mixture was vortexed for 1 min and incubated at room DPPH scavenging rate (%) = 100 × (Ac -As)/Ac (4) where: Ac, As -absorbances at 515 nm of the control and sample, respectively
RESuLtS And diSCuSSiOn
Model fitting. BBD based on 3-level incomplete factorial designs is a class of rotatable second-order designs for multivariate optimisation (Ferreira et al. 2007) . In this study, three effectual variables (MP, EC, and SSR) that affect the MAE of Apium graveolens L. leaves on yields of TF and TP were optimised using BBD. All data were received from 17 experimental runs. As shown in Table 2 , the highest yields of TF and TP were obtained using treatments 8, with the respective values of 0.62 g RUE/100 g DW and 3.05 g GAE/100 g DW,and the lowest yields of TF and TP were obtained using treatments 4, with the respective values of 0.17 g RUE/100 g DW and 0.87 g GAE/100 g DW. In addition, when treatments 17 and 1 were employed, the AC measured by the DPPH inhibition rate ranged from 48% to 82%, respectively. After the regression analysis of the data shown in Table 2, ANOVA of models. ANOVA was used to determine the significance of regression coefficients of the quadratic polynomial model. The coefficient of determination (R 2 ) indicates that the model accurately represents the relationship between the variables 
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Food Technology and Economy, Engineering and Physical Properties Czech J. Food Sci., 34, 2016 (4) chosen. The model with R 2 > 0.75 was considered acceptable (Yang et al. 2010) . Moreover, the lack of fit need not be significant for a valid model development by RSM (Noordin et al. 2004) . As shown in Table 3 , the models of the TF extraction were highly significant (F-value 20.13, P < 0.0001) with the determination coefficient R 2 = 0.9748 (R 2 adj = 0.9542), while the models of the TP component extraction were also highly significant (F-value 48.48, P < 0.0001) with the determination coefficient R 2 = 0.9842 (R 2 adj = 0.9639), and the predicted models for AC implied that the model was highly significant (F-value 26.74, P = 0.0001) with a good determination coefficient (R 2 = 0.9717; R 2 adj = 0.9354). Furthermore, no significance (P < 0.05) of the lack of fit indicated that a few unknown variables can influence the responses. Meanwhile, the coefficients of variation (CV) of TF, TP, and AC were 7.63, 6.9, and 4.6% respectively. The small value of CV implied that variation in the mean value is low and can satisfactorily develop an adequate response model Response surface analysis. The relationship between variables is illustrated in a 3D response surface, which graphically shows the sensitivity of the response value towards the change in the independent variable, namely microwave power, ethanol concentration, and solid-solvent ratio (Figures 1-3) . Figure 1A shows the effect of the interaction of MP and SSR on the TF yield of the extract at a fixed EC of 65%; the minimum TF yield was obtained at the lowest MP and the maximum TF value was obtained at 500 W at the fixed SSR of 30 ml/g. Figure 1B depicts that an increase of microwave power from 300 W to 500 W and an increase of SSR from 10 ml/g to 30 ml/g enhanced the TF yield. Figure 1C indicates that the TP increased rapidly with an increase of SSR at a fixed EC, while with an increase in EC beyond 74%, the increase of TP was slight. The result of this study showed that MP is the critical factor that influenced the response. The extraction of flavonoids can be improved as a result of enhancement of component solubility in the extraction solvent, diffusion rate, solvent viscosity, and the decreased surface tension (Ju & Howard 2003) . However, we cannot say that this trend will continue even for high MP, because a further increment of MP may result in an increase in the temperature of the extraction solvent, the resulting excessive heat can influence the stability of flavonoids and phenolic components due to destabilisation by a reaction with other chemical components or enzymes, chemical, and enzymatic degradation or thermal decomposition, thus reducing the extraction efficiency (Durling et al. 2007) . Figure 2A reveals the effect of interaction between MP and SSR on TP. With the increase of MP and SSR, the TP yield was enhanced to a maximum value at 500 W and 30 ml/g SSR. The increase of MP from 300 W to 500 W with the increase of EC from 50% to 70% resulted in an increase of the TP yield, however, at an increase of EC over 70% there was a gradual decline in the response ( Figure 2B ). The same trend was observed for the interactive effect of EC and SSR ( Figure 2C ). Considering the safe manipulation, environmental pollution, and economic savings (Pompeu et al. 2009; Ballard et al. 2010) , ethanol-water mixtures were used as the solvent in this work. Although the increment of EC can increase the TP yield, a further increase in the ethanol concentration appeared to be disadvantageous for the TP yield. The phenomenon was similar to that of the study conducted by Liu et al. (2015) . Increasing the ethanol concentration may increase the amount of impurities and change the extraction solvent polarity. Figure 3 shows the effect of interaction of independent variables on the DPPH inhibition rate. The interactive effects of two variables are similar, namely, when one factor was fixed at the central level, the increase of the other two factors results in the increase of the response to a peak value at maximum levels of the variables. The DPPH inhibition activity was significantly affected by MP, SSR, and EC (P < 0.01) with three linear effects (A, B, and C), two quadratic (A 2 and B 2 ), and three interactive effects (AB, BC, and AC). It is generally acceptable that the DPPH assay has been widely accepted as a method to evaluate the free radical-scavenging activity of natural compounds (Nagai et al. 2003) . In the present study, both TF and TP had a significant (P < 0.01) correlation with AC (r = 0.76, r = 86, respectively). This result was further evidence that flavonoids and phenolic constituents from celery had a noticeable effect of scavenging on DPPH radical.
Verification of the models. In the present study, for all responses only one optimal condition was obtained: 500 W MP, 30 ml/g SSR, and 75.54% EC. Samples were repeatedly extracted 3 times under the optimum conditions, the observed and predicted values for TF, TP, and DPPH inhibition rate were: TF (g RUE/100 g DW) (observed 0.59 ± 0.07; predicted 0.62), TP (g GAE/100 g DW) (observed 3.05 ± 0.18; predicted 3.01), and DPPH inhibition (%) (observed 89.53 ± 0.82, predicted 90.37). The experimental data were within the 95% confidence interval of predicted values. Furthermore, predicted values are reasonably close to the experimental values, which verified the validity and the adequacy of the predicted models.
COnCLuSiOn
In this study, MAE extractions of TF, TP, and antioxidant capacity of celery leaves were successfully optimised using RSM. The results indicated that MP, SSR, and EC all influenced significantly the investigated response variables. The secondorder polynomial model can be applied to optimise the parameters of celery leaf extraction to obtain an extract with high yield of TF and TP, and high antioxidant capacity. It was found that microwave power of 500 W, 30 ml/g solid-solvent ratio, and 75.54% ethanol concentration were the appropriate conditions for maximum values of TF and TP from celery leaves with the DPPH inhibition rate. It could be concluded that flavonoids and phenol compounds from the curry leaves contributed to the antioxidant activity of the extract. 
